METHODS

Methods
for isolation and perfusion of renal tubular segments have been previously described in detail (3). Convoluted and straight portions of proximal tubules from kidneys of 1.5-to Z-kg female New Zealand white rabbits were studied. The animals were given an intravenous injection of 15 m1 of 15 % mannitol solution. They were killed by decapitation 15 min later, Tubules were dissected in chilled rabbit serum (2-5 C) which was stirred by bubbling with a 95 % 02-5 % CO:! gas mixture.
The tubules were immersed in a bathing medium of 2 ml rabbit serum (Microbiological Associates, Bethesda, Md.) and perfused with an ultrafiltrate (prepared with an Amicon Diaflow model 50 ultrafiltration cell using a UM 1 membrane, Amicon Corporation, Cambridge, Mass.) prepared from the same serum pool. Ultrafiltrate and serum were preequilibrated by bubbling with 95 % 02 and 5 % CO2 for 10 min. During perfusion the bath chamber was continuously bubbled with the same gas mixture and was maintained at a temperature of 37 C. For studies of secretion and tissue uptake tritiated PAH (Nuclear Chicago, 193 mc/ mmole) was added to the bathing medium at a concentration of 2.4 X lo+ M. For studies of PAH absorption from the lumen, PAH-3H was added to the perfusate at a concentration of 12 X 10m5 M. AlbuminJ311
(Abbott Laboratories, Chicago, Ill.) was used in tracer quantities along with the PAH as a measure of leak or contamination.
Corrections required were infrequent and small. Secretion studies. The perfusion pipette was prefilled with Kel-F oil (Minnesota Mining and Mfg. Co.) . A volume of ultrafiltrate sufficient to allow 30-60 min of experimental perfusion time was then drawn into the pipette by suction, displacing the oil. Once the tubule was attached to the perfusing and collecting pipettes, the PAH-3H and albumin-1311 were added to the bathing medium. After approximately 10 min of equilibration time, the perfusate which had accumulated in the collecting pipette was discarded and the experiment begun. Two to five separate collections of 8-20 fluid are essentially the same as used for iodopyracet in the isolated flounder proximal tubule (7). When the volume of ultrafiltrate in the perfusing pipette was exhausted, the tubule lumen filled with oil, which displaced its aqueous contents. The pipettes holding the tubule were then promptly elevated from the bath. The tubule was removed with a dissecting needle within 10 -20 set after oil filling was complete and was transferred to 10 ~1 of 3 % trichloroacetic acid to precipitate tissue protein and extract the PAH. After 1 hr the tubule was removed, and the trichloroacetic acid containing the extracted PAH was added to scintillation fluid for counting. It was found in lzolntrol experiments that all of the PAH-3H was extracted frcm the tissue by this procedure.
The tissue was allowed to dry and the oil was then extracted by immersion of the tubule in chloroform for 1 hr. Finally, the tissue was redried and weighed on a quartz fiber ultramicrobalance (2). Some tissue weight is lost during trichloroacetic acid and subsequent chloroform extraction. The dry weight was therefore corrected for this loss by multiplying the final weight by a factor of I,10 obtained from a series of non-oil-filled tubules weighed before and after the same extraction procedure. The tissue water content was calculated as 2.2 times the corrected dry weight, as determined in the proximal tubule by previous studies using tritiated water (4)* Most of the cellular material of the pars recta is dislodged and forced out of the tubule by the oil displacing the luminal Auid. For this reason, the proximal straight tubules were removed and their PAH extracted without using oil to displace the luminal contents. The amount of PAH in the lumen was calculated from its volume (determined from Pho tomicrographs) and the tubular fluid concentration and was subtracted from the total tubule content of PAH. Since the luminal PAH content amounted to approximately 5 % of the total extracted, any errors involved were small. The convoluted segments studied ranged from 0.75 to 2.25 mm in length, the straight segments from 1.00 to 4.10 mm.
Nunperfused tubdes. Uptake of PAH by the tissue in the absence of perfusion was studied in both convoluted and straight portions of the proximal tubule. The animals were prepared and the tubules dissected in a manner identical to that used in the perfusion experiments.
PAH concentration is the bathing medium was 2.4 X 1V M. From three to seven tubules were incubated together in each experiment, and the convoluted and straight portions were removed alternately after 2045 min of equilibration time. The lumen in these tubules was not visibly patent at the time they were removed Extraction, weighing, and the counting of radioactivity in the samples were done as outlined above. Absorption. Efflux of PAH from the lumen into the bathing medium was studied in the straight portion of the proximal tubule only. This portion was selected for these measurements because it was found to secrete PAH to a greater degree than the convoluted portion and was therefore used more extensively in the studies of secretion. The experimental design was similar to that of the secretion studies, except that the PAH was added to the perfusate (at a concentration of 12 X 10B5 M) instead of the bathing medium. The tubules were perfused at 8-12 nl min-l. At the end of each perfusion period the entire 2 ml of bathing medium was sampled for measuring the amount of PAH-3H absorbed from the lumen, permitting precise measurement of the small amount of radioactivity lost from the tubule. Because the counting efficiency of these samples was significantly lowered by the presence of the serum, radioactivity of the perfusate was measured in scintillation fluid identically quenched by adding 2 ml rabbit serum.
Analytical. 3H and 1311 activity were measured simultaneously using a Packard Tri-Garb scintillation counter. The scintillation solution for most of the studies was a mixture of toluene and Triton X-100 (Packard Instrument Co., Downers Grove, Ill.) (3.5: 1) containing 5.5 g PPO (Packard) and .15 g dimethyl POP09 (Packard) per liter. For the samples containing 2 ml of rabbit serum in the absorption studies, the ratio of toluene and Triton X-100 was 2.5: 1. The quantity of PAH in each sample was determined from its activity and the activity of the PAH of known concentration.
Fluxes are expressed in moles per millimeter length per minute (moles mm-l min+). Permeability coefficients (cm set-l> were calculated from the flux divided by the PAH concentration difference and the area of the respective membrane per unit length (ad).
RESULTS
PAH secretion. Active secretion of PAH was observed in both the convoluted and the straight portions of the proximal tubule.
At low perfusion rates (approximately 3 nl min-I) the tubular fluid PAH concentration was as high as 15 and 38 times the bath concentration in the convoluted and straight portions, respectively.
Net secretion (Table  1 ) was significantly greater (P < .OOl) in the straight than in the convoluted portion of the proximal tubule. In the former the secretion rate was 869 I/I SE 52 X lo-l5 moles mm-l min-l (26 tubules), in the latter 235 A SE 38 X lo-l5 moles mm-l min-l (15 tubules). Changes in perfusion rate from 3 to 10 nl min-r had no significant effect on net secretion (Fig. 1) . The mean difference in the rate of secretion comparing collections at fast and slow flow rates in the same tubule was 17.3 & SE 18.7 X lo-l5 moles mm-l min-f higher at the faster rates in seven proximal straight segments (40 > P > .20). Thus the tubular fluid PAH concentration was inversely related to flow rate. The concentration of PAH in tissue was consistently greater than in the tubular Auid (Fig. 2 ) and, with one exception, was greater in the straight than in the convoluted portions.
The movement of PAH from the cell into the luminal fluid is therefore consistent with a process of simple diffusion. 
DISCUSSION
Secretion of PAH by the isolated perfused rabbit proximal tubule occurs with a tissue concentration consistently greater than that of the bathing medium and tubular fluid. Entry into the tubular fluid occurs down a concentration gradient by a process consistent with simple diffusion. These results are in accord with the simplified model of PAH transport illustrated in Fig. 4 . It is proposed that there is active transport of PAH into the renal tubular cell across the peritubular membrane, with subsequent diffusion down a concentration gradient into the tubular lumen. Backdiffusion of PAH must be considerably less than active transport since an increase in the rate of perfusion, with its accompanying decrease in the concentration of the compound in the tubular fluid, had no significant effect on net secretion, For a quantitative prediction of the effect of perfusion speed on net transport using the proposed model, see APPEKDIX C. almost entirely in its anionic form at physiologic pH, having a pKti of 3.8. In cortical tubule suspensions incubated in the presence of PAH under conditions in which active transport is minimized, the steady-state tissue PAH concentration was 43 72 of that of the bathing medium (6). An identical ratio was found for chloride and is presumably determined by their common behavior as anions and the negative intracellular electrical potential.
The use of eQuations 3 and a in predicting the efflux behavior of PAH is based on the assumption that the steady-state tissue concentration in the absence of active or transtubular transport would be equal to that in the adjacent fluid. Taking into account the lower tissue concentrations seen in the steady state in the absence of active transport, the predicted values for both the intracellular-to-luminal PAH concentration ratio (c&,> and the rate of PAH efflux (TL-& would be 43 % as great as calculated above. The actual experimental measurements of TL+B (17.3 & SE 4.2 X IO+" moles mm-l min-l) and &/& (0.69 & SE 0.06) lie between the respective predictions which take this anionic behavior into account and those which do not ( Table  2) . The results are not suficiently precise to choose between the alternatives.
The fact that tissue PAH concentration was consistently lower than that in the tubular fluid during its loss from the lun~en is of further significance.
We have assumed that the PAH extracted from tissue samples is unbound and in free solution within cellular water. Foulkes (11) has provided indirect evidence that significant intracellular binding does not occur. Perfusion time was sufficiently long in the present studies so that approximately 5 times as much PAH diffused across the tubules as was found in the tissue. If intracellular binding of PAH occurred, the tissue concentration should have been greater than that in the perfusing fluid. This was not the case. Thus it appears that PAH is not bound significantly within the tubule cell, and that the measured tissue PAH concentrations are representative of a free transport pool l Biber et al. (1) and Cortney et al. (8) found in micropuncture studies that more PAH is present in distal tubular fluid than at the end of the accessible portion of the proximal convoluted tubule, providing evidence that secretion of PAH continues beyond the convoluted portion.
We have found that secretion of PAH in the rabbit not only continues in the pars recta but is considerably greater at the concentration studied than in the convoluted portion. This difference is in contrast with the previous finding that fluid absorption is greater in the convoluted than in the straight portion of the isolated proximal tubule (5) ( 
